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LiraOGRAPHIC PRINTING PLATES BY INKJET AND CONTROL OF IMAGE RESOLUTION 



SPECIFICATION 

p^ T r> OF TTTF, rNVENTION 

5 This inventioiv is directed to a method of contioUing the resolution of 

an image formed on a substrate which advantageously minimizes fluid spreading on 
the substrate by use of an autophobic plate-imaging fluid, thereby avoiding the 
attendant low resolution and reduced image quaUty associated with such spreading. 
This invention is also directed to a method of preparing a printing plate in which such 

10 a fluid is used to image the plate by ink jetting onto a suTistrate to form an image area. 
The invention is also directed to such a printing plate for lithographic printing, and to 
a method of copying an image onto a medium. 

B ArKGROIIND HT? THF. mVRNTION 
The offset lithographic printing process has long used a planographic 
15 printing plate having oleophilic image areas and hydrophiUc non-image areas. The 
plate is commonly dampened before or during inking with an oil-based ink 
composition. The dampenmg process utilizes a fountain solution such as those 
described in U.S. Patents Nos. 3,877,372, 4.278,467 and 4,854,969. When water is 
appUed to the plate, the water wUl form a film on the hydrophilic non-image areas of 
20 the plate, but wiU contract into small droplets on the oleophilic plate image areas. 
When a roller carrying an oil-based ink composition is passed over the dampened 
plate, it wUl be unable to ink the non-image areas covered by the aqueous fihn, but 
will emulsify the water droplets on the water repellant image areas, which will then 
take up ink. The resulting ink image is then typically transferred ("offset") onto a 
25 rubber blanket, which is then used to print onto a medium such as paper. 

It has been proposed to apply "direct" Inkjet printing techniques to 
lithographic printing. For example, European Patent Publication No. 503,621 
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discloses a direct lithographic plate making method which includes jetting a 
photocurable fluid onto the plate substrate, and exposing the plate to ultraviolet 
radiation to harden the image area. An oil-based ink may then be transferred to the 
image area for printing onto a printing medium. There is no disclosure of the 

5 resolution of ink drops jetted onto the substrate, or the durability of the lithographic 
printing plate with respect to printing run length. 

It has also been proposed to apply the direct ink jet printing techniques 
without the additional steps of chemical development. This approach advantageously 
results in lower production costs and a more environmentally acceptable printing 

10 process. However, in such techniques it is difficult to control the "dot spreading" of 
the fluid which forms the oleophilic ink-accepting portion on the printing plate 
substrate. Such spreading causes low printing image resolution and reduced image 
quality. For example, European Patent Application No. 591 ,916 discloses a water- 
based ink having a polymer containkig anhydride groups which are thermally cross- 

1 5 linked with a hydroxy-functional polymer. This formulation is applied by ink-jetting 
at room temperature onto a room temperature substrate. However, this formulation 
does not achieve good control of dot spreading. 

U.S. Patent No. 4,833,486 discloses the apparatus and process for 
imaging a plate with a "hot melt" type of ink jet printer. The image is produced by 

20 jetting at high temperature a "phase change" type of ink which solidifies when it 
contacts the cooler substrate. The ink becomes instantaneously solid rather than 
remaining a liquid or gel which is thereafter cured to form a solid. However, such an 
ink does not provide good resistance to press run due to the wax-type nature of the ink 
formulation. 

25 U.S. Patent No. 5,738,013 discloses a "media/fluid" system used in the 

manufacture of lithographic plates. The media is a conventional hydrophilic 
substmte, and the fluid is based on a transition metal complex reactive component. 
The control of dot spreading via the viscosity differences of the fluid as a function of 
temperature is not addressed. 

30 U.S. Patent No. 5,688,864 and European Patent No. 745,568 disclose 

autophobic water repellent surface treatments. However, these disclosures are not 
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directed to imaging a surface with an autophobic fluid via ink jetting to control dot 
spreading. 

The use of fluorosurfectants in ink jet formulations is also known. For 
example, Jap. Pat. Appto. No. 08-267902 discloses the use of fluorosurfactants in ink 
5 jet fomiulations, primarily for the purpose of alleviating color-to-color bleeding. 

U.S. Pat. No. 5,788,754 discloses a thermal Inkjet ink comprising 
nonionic fluorosurfactants to alleviate color-to-color bleeding and to improve image 
quality. However, it is disclosed that larger dot sizes are desirable (col. 6, line 67), 
unlike the invention described here. 
10 U.S. Pat No. 5,852,075 discloses an mk jet ink comprismg a mixture 

of at least one siloxane, surfEtctant and at least one fluorinated surfactant which exhibit 
excellent wetting on hydrophilic sur&ces. 

Research Disclosure No. 39513 (Mar. 1997) discloses a pigmented ink 
jet ink comprising fluorinated surfactants to control surface tension to control droplet 
1 5 interaction on the receiver in multicolor ink jet printing. The disclosure is not 
directed to control of droplet spreading. 

European Patent Apphi. No. 101,266 discloses a printing method and 
apparatus where the image area is formed using a fluid which may comprise an 
anionic surfactant, or may comprise a polymer dissolved in toluene (pp. 20-22), and 
20 the fluid may be applied by ink jet (p. 50). The disclosure is not directed to reducing 
fluid droplet dot size or fluid droplet spreading on a substrate. 

In view of the foregoing, it would be advantageous to provide a 
method of controlling spreading of fluids on substrates, particularly for printing 
plates. It is one object of this invention to provide such a method, in which an 
25 autophobic fluid composition is used for which the spreading on a substrate is 
reduced. It is another object of this invention to provide a method of preparing a 
printing plate which provides control of fluid composition spreading, and additionally 
provides good press run length. In the metiiod of this invention, an autophobic fluid 
composition is applied by an Inkjet printing apparatus to directiy image a substrate to 
30 which the autophobic fluid composition is matched, thereby producing a printable 



\ 
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medium, for example a printing plate. It is yet another object of this invention to 
provide such a printing plate. 

Additional objects of this invention are to provide a method of imaging 
a printing plate, and a method of printing using such a plate. 

5 RRIEF DESCRTPTIQN OF THE DRAWINGS 

Figure 1 depicts a representation of a single droplet applied to a 
substrate which exhibits droplet spreading. 

Figure 2 depicts a representation of a single droplet applied to a 
substrate m which droplet spreading is controlled via an autophobic fluid 
10 composition. 

SUMMARY OF THE INVENTION 
The method of this invention is useful to provide a printing plate tiiat 
avoids chemical development steps. More particularly, the method of this invention is 
useful to control the resolution of an image formed on a substrate, wherein tiie metiiod 

15 comprises: (a) providing a substrate; (b) applying an image to the substrate by ink 
jetting onto the substrate a fluid composition comprising at least one surfactant, in 
which tiie dot size of tiie fluid composition on the substmte in the presence of the 
surfactant is less than the dot size of the fluid composition on tiie substrate m the 
absence of the sur&ctant 

20 In a preferred embodiment, the fluid composition of the method 

comprises at least one polymeric compound and an ionic surfactant, the fluid 
composition being applied to an interfacially matched substrate. 

This invention is also directed to a metiiod of preparing a printing 
plate by ink jetting onto tiie substrate a fluid composition. This invention is further 

25 directed to a metiiod of forming an image on a substrate and to a metiiod of copying 
an image onto a medium. 
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DFTAILED DESCRIPTION OF THE INVENTION 
The invention here will control the spreading of droplets of fluid 
composition ink-jetted onto a substrate, In the absence of this invention, the substrate 
would exhibit very low contact angle for droplets of the fluid composition, allowing 
5 significant spreading of the droplets to occur and diminishing the resolution that could 
be achieved in using tiie substrate with the appUed fluid composition as a printing 
plate. Here, the invention is a method to control spreading of the fluid droplets to 
unprove image resolution by preparing an autophobic fluid composition that reduces 
spreadmg when used in combination with an interfacially matched substrate, as 
10 described below. 

The autophobic fluid composition of this invention comprises a 
surfactant that reduces spreading of the fluid when appUed to an interfacially matched 
substrate. This remarkable property works in the opposite way that surfactants are 
conventionally used. Surfactants are conventionally used to reduce surface tension of 
15 a fluid to facilitate its wetting or spreading on a substrate. Here, the surfactant is used 
to prevent spreading of a fluid. 

By "dot size" we mean the diameter after drying of an ink jetted fluid 
composition droplet on a substrate (see Example 1). By "drop size" we mean the 
diameter after drying of a fluid composition droplet which was dropped onto a 
20 substrate from a microsyringe (see Example 3). 

Any conventional printing plate substrate, such as aluminum, 
polymeric film, and paper may be used as the printing plate substrate of this 
invention. The invention is not limited to printing plates, but can also be used to 
conlrol fluid droplet spreading on any solid surface on which the flxiid composition 
25 would otherwise spread, for example fabrics. A preferred substrate for printing plates 
is surface-roughened aluminum. 

Printing plate substrates may be subjected to known treatments, such 
as electrograining, anodization, and silication, to enhance surface characteristics. 
Printing plate surfaces may carry a plurality of basic sites, such as sodium siUcate 
30 groups. Alternatively, printing plate substrate surfaces may carry a plurality of acidic 
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sites, such as sulfuric acid groups, phosphoric acid groups, dihydrogen phosphate 
groups, and acrylic acid groups. It is known in the art that a surface may also be 
amphoteric. 

Particularly suitable substrates for use in this invention are given in 
Table 1 . Preferably, such substrates are based on aluminum oxide and may be 
subjected to various conventional surface treatments as are well known to those 
skilled in the art. These treatments result in different roughnesses, topologies and 
surface chemistries, as summarized in Table 1 . 



TABLE 1 


Substrate Refs. 


Surface Treatment 


Interlayer Treatment 


Surface Property 


AA 


Quartz Grained 
and Anodized 


None 


Acidic 


EG-PVPA 


Eiectrograined 
and Anodized 


Polyvinyl 
phosphoric acid 


Acidic 


PF 


Eiectrograined 
and Anodized 


Sodium dihydrogen 
phosphate / Sodium 
fluoride 


Acidic 


EG-sa 


Eiectrograined 
and Anodized 


Sodium Silicate 


Basic 


G20 


Eiectrograined 
and Anodized 


Vinyiphosphonic 
acid/acrylamide 
copolymer 


Acidic/ 
Amphoteric 


DS-Sil 


Chemically Grained 
and Anodized 


Sodium Silicate 


Basic 


PG-Sil 


Pumice Grained 
and Anodized 


Sodium Silicate 


Basic 


CHB-Sil 


Chemically Grained, 
Anodized and 

Silicated 


Sodium Silicate 


Basic 



10 



15 
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"AA" means "as anodized." The aluminum surface is first quartz 
grained and then anodized using DC current of about 8 A/cm^ for 30 seconds in a 
H2SO4 solution (280 gAiter) at 30°C. 

"EG" means "electrolytic graining." The aluminum surface is first 
5 degreased, etched and subjected to a desmut step (removal of reaction products of 
aluminum and the etchant). The plate is then electrolytically grained using an AC 
current of 30-60 A/cm^ in a hydrochloric acid solution (10 g/liter) for 30 seconds at 
25 ""C, followed by a post-etching alkaline wash and a desmut step. The grained plate 
is then anodized using DC current of about 8 A/cm^ for 30 seconds in a H2SO4 
10 solution (280 g/Uter) at 30**C. 

"PVPA" is a polyvinylphosphonic acid. The plate is immersed in a 
PVP A solution and tiien washed Avith deionized water and dried at room temperature. 

"DS" means "double sided smooth." The aluminum oxide plate is first 
degreased, etched or chemically grained, and subjected to a desmut step. The smooth 
1 5 plate is then anodized. 

"Sil" means the anodized plate is immersed in a sodium silicate 
solution. The coated plate is then rinsed with deionized water and dried at room 
temperature. 

"PG" means "pumice grained." The aluminum surface is first 
20 degreased, etched and subjected to a desmut step. The plate is then mechanically 
grained by subjecting it to a 30% pumice slurry at 30°C, followed by a post-etching 
step and a desmut step. The grained plate is then anodized using DC current of about 
8 A/cm2 for 30 seconds in an H2SO4 solution (280 g/liter) at 30°C. The anodized 
plate is then coated with an mterlayer, 
25 "G20" is a printing plate substrate which is described in U.S. Patent 

No. 5,368,974, the disclosure of which is incorporated herein by reference in its 
entirety. 

"CHB" means chemical graining in a basic solution. After an 
aluminum substrate is subjected to a matte finishing process, a solution of 50 to 100 
30 g/liter NaOH is used during graining at 50 to 70°C for 1 minute. The grained plate is 
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then anodized using DC current of about 8 A/cm^ for 30 seconds in an H2SO4 solution 
(280 g/liter) at 30**C. The anodized plate is then coated with a silicated interlayer. 

'TF" substrate has a phosphate fluoride interlayer. The process 
solution contains sodium dihydrogen phosphate and sodium fluoride. The anodized 
5 substrate is treated in the solution at 70°C for a dwell time of 60 seconds, followed by 
a water rinse, and drying. The deposited dihydrogen phosphate is about 500 mg/m^ 
Those of ordinary skill in the art will understand that the "basic" and 
acidic" descriptions of the surface chemistry of the printing plate substrates 
summarized above are relative terms. Thus, a "basic" surface will have a plurality of 
10 basic sites and acidic sites present, with the basic sites predominating to some degree. 
Similarly, an "acidic" surfece will have a plurality of acidic sites and basic sites 
present, with the acidic sites predominating to some degree. The PG-silicated printing 
plate substrate appears to have a higher silicate site density than the double-sided 
printing plate substrate, and is more basic. The G20 printing plate substrate exhibits 
1 5 less acidic behavior than anodized only (" AA") printing plate substrates. 

Illustrative examples of alkyl tail surfactants that may be used in 
preferred embodiments of this invention include sodium dodecylsulfate, 
isopropylamine salts of an alkylarylsulfonate, sodium dioctyl succinate, sodium 
methyl cocoyl taurate, dodecylbenzene sulfonate, alkyl ether phosphoric acid, N- 
20 dodecylamine, dicocoamine, l-aminoethyl-2-alkylimidazoline, 1 -hydroxy ethyl-2- 
alkylimidazoline, and cocoalkyl trunethyl quaternary ammonium chloride, 
polyethylene tridecyl ether phosphate, and the like. 

Illustrative examples of fluorosurfactants usefiil in preferred 
embodiments include the following non-exhaustive listing: 
25 F(CF2CF2) ,.r(CH2)„-N%a, 

C8F,7S02NHC3H6mCH3)3r, 
F(CF2CF2)i.7CH2CH2SCH2CH2C02-Li\ 

C8FnS02N(CH2H5)CH2C02"r, 
(F(CF2CF2),.7CH2CH20),.2PO(0-NH4^),^ , 
30 C10F21SO3NH/, 

C6F13CH2CH2SO3H combined with C6Fi3CH2CH2S03-NH4*, 
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F(CF2CF2),.7CH2CHO[CH2COO]CH2N*R2CH2COO-, 
R**S03- , 

CgFnS02N(C2H5)(CH2CHjO),CH3 . 
F(CF2CF2),.7CH2CHjO(CH2CH20)yH , 
5 and F(CF2CF2),.7CH2CH20(CH2CH20)^ , 

where R** contaios an ammonium functional group, y < z, and y or z = 

0 to about 25. 

Illustrative examples of fluorosurfactants useful in preferred 
embodiments of the present invention and their commercial trade names are set forth 
10 in Table 2. 



Table 2: Fluorosurfectants useful in preferred embodiments 





Trade Name 


Chemical Structure 


Type 




Zonyl FSD 


FCCFzCFi) ,.,-alkyl-N%Cl- 


Cationic 




FluoradFC-135 


C,F,7S02NHC3H,NXCH3)3r 


Cationic 


15 


Zonyl FSA 


FCCFjCFi) ,.,CHjCHjSCH2CH2COj-Li* 


Anionic 




Fluorad FC-129 


C8F„S02N(C2H5)CH2C02-K* 


Anionic 




Zonyl FSP 


(F(cf2CF2),./:h2CH20),^po(o-nh,*),^ 


Anionic 




Zonyl FSJ<'> 


(F(CF2CFj),.^H2CH20),^PO(aNH4*),^ 


Anionic 




Fluorad FC-120 


CoFjiSOj-NH** 


Anionic 


20 


Zonyl FS-62 


QFhCH^CHjSOjH, C^ijCHjCHjSOj-NH,* 


Anionic 




Zonyl FSK 


F(CF2CF2),.7CH2CHOAcCHjN%CH2COO- 


Amphoteric 




Fluorad FC-IOOP' 


R'^SOj- 


Amphoteric 




Fluorad FC-170C 


CF.^SOjNCCjHjXCHjCHjO), 


Nonionic 




Fluorad FC-171 


C,F,7SO,N(C2H5)(CHjCHjOXCH3 


Nonionic 


25 


Zonyl FSOP> 


F(CF2CFj),.,CHjCHjO(CH2CHjO)yH 


Nonionic 




Zonyl FS-300W 


F(CFjCF2),.7CH2CH20(CHjCH20)Jl {z> y) 


Nonionic 



(1) FSJ also contains a nonfluorinated surfactant 

(2) R ** contains an ammonium function. 

(3) y orz = 0toabout25. 
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ZONYL surfactants are commercially available from E.L du Pont de 
Nemours & Co. and have a distribution of perfluoroalkyl chain length. FLUORAD 
surfactants are commercially available from 3M Company and have a narrow 
distribution of the hydrophobic chain length. 

Illustrative siliconated surfactants useful in preferred embodiments 
include the following non-exhaustive listing: polyether modified poly-dimethyl- 
siloxane, silicone glycol, polyether modified dimethyl-polysiloxane copolymer, and 
polyether-polyester modified hydroxy fiinctional polydimethyl-siloxane. 

In one particiilarly preferred embodiment, the surfactant is anionic and 
is preferably selected from the group consisting of sodium dodecyl sulfate, sodium 
dioclyl sulfosuccinate, F(CF2CF2),.7CH2CH2SCH2CH2C02-Li*, 
C8FnS02N(C2H5)CH2C02-r, (F(CF2CF2),.7CH2CH2O),^PO(O-NH40u. CioFjiSOa' 
NH4^ C6F13CH2CH2SO3H, C6Fi3CH2CH2S03-NH4% and mixtures thereof 

In another particularly preferred embodiment, the surfactant is cationic 
and is preferably selected from the group consisting of cocoalkyl trimethyl quaternary 
ammonium chloride, N,N-dioctyl-N,N-dimethylammonium chloride, 
F(CF2CF2)i.7-(CH2)a-N%Ci', where R is hydrogen or methyl and n is less than 
twelve, C8Fi7S02NHC3H6N^(CH3)3r, and mixtures thereof. 

The fluid composition employed in this invention is autophobic. As 
used in this application and in the appended claims, "autophobic" refers to a fluid that 
initially wets the substrate surface, but subsequent to initial wetting, the exterior 
portion of each droplet of fluid causes the underlying substrate surface to repel the 
remaining portion of the fluid droplet, thereby reducing the spreading of the droplet. 
The autophobic fluid composition can be aqueous or nonaqueous. 

The autophobic fluid composition of this invention comprises a 
surfactant that is interfacially matched to the substrate on which the fluid composition 
is ^pUed, and is compatible with any polymer component of the fluid composition. 
By "interfacial matching" of the surfactant to the substrate, we mean that an anionic 
surfactant is used in a fluid composition that is applied to an acidic substrate, and that 
a cationic surfectant is used in a fluid composition that is applied to a basic substrate. 
By "compatible with any polymer component," we mean that an anionic surfactant is 
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used in a fluid composition that comprises an anionic polymer component, and tbat a 
cationic surfactant is used in a fluid composition that comprises a cationic polymer 
component Without intending to be bound by any one particular theory, the droplet 
of fluid composition on the substrate spreads initially in a primary fihn around the 
5 droplet In theory, the surfactant in the primary film of an autophobic fluid of this 
invention binds to the substrate and forms a ring around the autophobic fluid 
composition droplet on the substrate that repels the bulk of the fluid composition 
droplet, thereby reducing the spreading of the droplet relative to a non-autophobic 
fluid. 

10 In preferred embodiments, a printing plate is made by imagewise 

applying an autophobic fluid composition comprising an ink-receiving layer 
compound to a substrate, m which the ink-receiving layer compound forms an 
oleophilic ink-receiving layer. The ink-receiving layer compound used in the fluid 
composition may be any compound, includii^ a thermoplastic, an elastomeric 

1 5 polymer, or a biopolymer. In preferred embodunents, the ink-receiving layer 

compound may be a monomeric compound, or it may be a polymeric compound. If it 
is a polymeric compound, it may be a homopolymer, copolymer, terpolymer, and the 
like. By "copolymer" we mean any polymer comprised of more than one type of 
monomer, prepared in a copolymerization. By "terpolymer" we mean a polymer 

20 consisting essentially of three types of monomers, prepared in a copolymerization. 
Thus, a copolymer can include a terpolymer. 

Illustrative, but not Umiting, examples of the ink-receiving layer 
compound useful in matching with anionic surfactants in the fluid composition 
include acidic polymeric compounds such as poly(acrylic acid), poly(niethacrylic 

25 acid), poly(maleic acid), poly(maleic anhydride), poly(fumaric acid), poly(fumaric 
anhydride), poly(styrene-co-acrylic acid), poly(styrene-co-maleic acid), poly(styrene- 
co-fumaric acid), polymers of ethylenically unsaturated sulfonic acid, polymers of 
sulfonated styrene, and mixtures or derivatives thereof 

Illustrative, but not limiting, examples of the ink-receiving layer 

30 compound useful m matching with cationic surfactants in the fluid composition 

include basic polymeric compounds such as basic copolymers of styrene, polyamides. 
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poly(vmylpyridine), basic copolymers of urefhane, poly(dialkylanimoaIkyl 
methacrylate), poly(2-vinylpyridine), poly(4-vinylpyridme), copolymers of 
2-vmylpyridme, copolymers of 4-vinylpyridine, poly(ethylimidazolidone 
methacrylate), 2-pyridylethyl trimethoxysilane, copolymers of dimethylaminoethyl 

5 methacry late/methyl methacrylate, terpolymers of dimethylaininoethyl 

methacrylate/methyl methacrylate/ethylimidazolidone methacrylate, copolymers of 
4-vmylpyridine/methyl methacrylate/hydroxyethyl acrylate/ethyl acrylate, and 
mixtures or derivatives thereof. 

In preferred embodiments, a printing plate is made by applying a fluid 

10 composition to the substrate by ink jetting, typically with well known Inkjet printing 
equipment. The substrate is imaged with the fluid composition so that after drying, an 
ink-receiving layer is formed in the desired image on the surface of the substrate that 
can be used for printing. Any printing medixun can be used, for example paper, 
fabrics, plastic, aluminum, and metals. 

1 5 An imaged substrate prepared by imagewise applying a fluid 

composition to a substrate could also be used, for example, as a precursor for a printed, 
circuit board in which conductive metals are deposited onto the imaged substrate. 

The following examples are given to illustrate preferred embodiments 
of the present invention and are not intended to limit the invention in any way. It 

20 should be understood that the present invention is not limited to the above-mentioned 
embodiments. Numerous modifications can be made by one skilled in the art having 
the benefits of the teachings here. Such modifications should be taken as being 
encompassed within the scope of the present invention as set forth in the appended 
claims. 



25 Example 1 

A fluid composition, R2910-85-5, was prepared having 0.5 weight 
percent anionic surfactant ZONYL FSP, 0.05 weight percent SURFYNOL SE-F 
(surfactant needed for ink jettuig), and 99.45 weight percent deionized water. The 
fluid composition was ink jetted with an EPSON 740 printer onto an acidic AA 

30 substrate (Table 1), After drying without processing or curing, the image on the 
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substrate did not rub off with a pad impregnated with ink and water. This printing 
plate was used in an accelerated press trial of 12,500 impressions on paper and no 
evidence of image wear was observed. Thus, the plate was suitable for very low 
volume printing. The accelerated press trial used a rubber transfer blanket of high 

5 hardness that accelerates wear of the printing plate. 

Dot size was measured with an optical microscope and IMAGE PRO 
software as an average of at least 30 dots which were ink jetted onto a substrate and 
dried. For fluid composition R2910-85-5, the dot size was 23 micrometers. 

A similar fluid composition, R291 0-85-6, was prepared having 1.0 

10 weight percent anionic surfactant ZONYL FSP, 0.05 weight percent SURFYNOL 
SE-F (surfactant needed for ink-jetting), and 98.95 weight percent deionized water. 
This fluid composition was used in an accelerated press trial of 1 5,000 impressions on 
paper, and no evidence of image wear was observed. The dot size for this fluid 
composition was 19.9 micrometers. The dot sizes for the fluid compositions of this 

1 5 example were substantially smaller than for a non-autophobic fluid composition. 

A printing plate that survives an accelerated press trial of fifteen 
thousand unpressions with no evidence of wear of the ink-receiving layer on the 
substrate or in the printed impressions is suitable for a variety of commercial 
applications. Such a plate is called suitable for "low volume" printing since a press 

20 run of fifteen thousand is a low volume commercial run. It should be noted that 

passing an accelerated press trial of fifteen thousand impressions with no evidence of 
wear means that the plate is capable of a substantially longer press run than fifteen 
thousand under ordinary commercial printing conditions. 

A printing plate that shows evidence of wear of the ink-receiving layer 

25 on the substrate or in the printed impressions for a run of about one thousand to less 
than about fifteen thousand impressions is a plate that is siiitable for "very low 
volume" printing. A printing plate that shows evidence of wear of the ink-receiving 
layer on the substrate or in the printed impressions for a run of less than about one 
thousand impressions is a plate that is not suitable for corxmiercial printing, although 

30 it has utility to form a lithographic image. 
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Rxample 2 

A drop test was used to measure spreading behavior of the fluid 
composition on a substrate plate as follows. A 10 ^1 chromatographic microsyringe 
with ^ flat needle was filled with the fluid composition. A droplet was formed at the 
needle extremity and dropped on the surface from a height of about 3 mm. After 
deposition of 4 to 5 drops, the plate was dried and the resulting dot diameter was 
measured and averaged. In case of "ovoid" spreading the smaUer diameter was 
recorded. Drop volume was constant, within 10%. A drop test was used to measure 
the spreading of fluid compositions on various substrates, as illustrated hi Table 3. 
Table 3: Drop test (mm) for fluid compositions on various substrates. 





Plates 


Acidic 


Basic 






AA 


PF 


EG-Sil 


Resin 


Sur&ctant 






Anionic Resin 


Standard: NO SURFACTANT 


5 


20 


6 


R2809-64* 


Anionic Surfactant 




3wt% 


0.5wt%FSA 


2 


3 


8 




0.5wt%FSP 


2 


3 


10 




0.5 wt%FC120 


4 


10 


8.5 




Non Ionic surfactant 






1 wt%FC170C 


4.5 


10 


8 


Cationic Resin 


Standard: NO SURFACTANT 


4.5 


7 


5 


R2930-3** 


Cationic Surfactant 




3wt% 


1 wt% Ammonium FC135 


4 


6.5 


2.5 




Non Ionic surfactant 






1 wt%FC170C 


5.5 


7.5 


5 



15 



20 



** Partially neutralized copolymer prepared from dimethylaminoethyl methacrylate 
and methyl methacrylate in methyl isobutyl ketone, initiated with 0.8 % VAZO-88 
l,l'-azobicyclohexanecarbonitrile; solids, 26.75%; viscosity, 480 centipoise at 25''C 
and 2.5 rpm; pH 6.04; molecular weight 20,900; amine number 109. 
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As shown in Table 3, drop size was substantially reduced for the 
combination anionic surfactant, anionic resm, and acidic substrate. Drop size was 
also substantially reduced for the combination cationic surfactant, cationic resin, and 
basic substrate. Drop size was also reduced for the combination nonionic surfactant, 
5 anionic resin, and acidic substrate. 



Example 3 

A fluid composition, R2884-157, was prepared having 3 weight 
percent ethylimidazolidone methacrylate copolymer, R2930-13 (see Example 5), 
0.05% weight percent cationic surfactant FLUORAD FC-135, 2 weight percent 

10 glycerol humectant, 0.3 weight percent SURFYNOL SE-F (nonionic surfactant), 0.4 
weight percent FOAMEX antifoamant, and 94.25 weight percent deionized water. 
The fluid composition was ink jetted with an EPSON 440 printer onto an EG-Sil 
substrate (Table 1). After drying without processing or curing, the image on the 
substrate did not rub off with a pad impregnated with ink and water. This printmg 

1 5 plate was used in an accelerated press trial of 15,000 impressions on paper, and no 
evidence of image wear was observed. Thus, the plate was suitable for low volume 
printing. The accelerated press trial used a rubber transfer blanket of high hardness 
that accelerates wear of the printing plate. 

When the cationic surfactant FLUORAD FC-135 was present in the 

20 fluid composition, the dot size was 32.1 micrometers, which was reduced by 34% 
from flie dot size of 48.7 micrometers measured for the same fluid composition, but 
without the cationic surfactant FLUORAD FC-135. The ink jetted dot size for this 
fluid composition was nearly the same with and without FC-135 on acidic substrates 
AAandPF. 



25 Example 4 

A fluid composition, R2884-156, was prepared having 3 weight 
percent 4-vinylpyridine copolymer, R2930-14 (see Example 6), 0.05% weight percent 
cationic surfactant FLUORAD FC-135, 2 weight percent glycerol humectant, 0.3 
weight percent SURFYNOL SE-F (nonionic surfactant), 0.4 weight percent 
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FOAMEX antifoamant, and 94.25 weight percent deionized water. The fluid 
composition was ink jetted with an EPSON 440 printer onto an EG-Sil substrate 
(Table 1). After drymg without processing or curing, the image on the substrate did 
not rub off with a pad impregnated with ink and water. This printing plate was used 

5 in an accelerated press trial of 1 5,000 impressions on paper, and no evidence of image 
wear was observed. Thus, the plate was suitable for low volume printing. The 
accelerated press trial used a rubber transfer blanket of high hardness that accelerates 
wear of the printing plate. 

When the cationic surfactant FLUORAD FC-1 35 was present m the 

10 fluid composition, the ink-jetted dot size was 37 micrometers, which was reduced by 
22% jfrom the dot size of 47.6 micrometeni measured for the same fluid composition, 
but without the cationic surfactant FLUORAD FC-135. 

Example 5 

A copolymer, R2930-13, was prepared from methyl methacrylate 

1 5 (MMA), 2-(dimethylamino)ethyl methacrylate (DMAEMA), and ethylimidazolidone 
methacrylate (MEIO), m the ratio 72:23:5. A 2L roundbottom flask was charged with 
240g methyl isobutyl ketone (MBK), and the solvent was stirred and heated to reflux 
under nitrogen. Separate addition funnels were charged with, (1) a blend of 57.5g 
DMAEMA, 62.5gNorsocryl 100 (Elf-Atochem: 20% MEIO, 80% MMA), and 130g 

20 MMA, and (2) a solution of 2g VAZO 88 (DuPont) in 25g MBK. Dual addition was 
carried out for 2.5 hours at reflux, and then the large funnel rinsed into the batch with 
20g MIBK. An hour later, an initiator post-add of 0.25g VAZO 88 in 5g MIBK was 
made. Two hours after the post-add, the apparatus was converted from reflux to 
distillation, and about 90g distillate removed before heating was halted. At below 

25 85**, a blend of 15.2g formic acid and 610g water was added, and the opaque mixture 
heated again. Azeolropic distillation began, returning the lower layer to the reactor 
until the batch temperature reached 95 °. This stage continued until the batch reached 
100° and no more upper layer was collecting. As the batch cooled, another 30g water 
was added with noixing. Typical recovery was 810g, pH 6.0, total solids 27%, 

30 Brookfield viscosity 1450 centipoise (25 °, 20 rpm). 
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Rxam ple 6 

A 4-vinylpyridine copolymer, R2930-14, was prepared from methyl 

methacrylate (MMA), 4-vinylpyridine (4-VP), ethylacrylate (EA), and 
hydroxyethylacrylate (HEA) in the ratio 45.6:26.7:14,83:12.87. A 2L roundbottom 

5 flask was charged with 240g methyl isobutyl ketone (MIBK), and the solvent was 
stirred and heated to reflux under nitrogen. Separate addition funnels were charged 
with, (1) a blend of 1 14g MMA, 66.75g 4-VP, 37.08g EA, and 32.18g HEA, and (2) a 
solution of2gVAZO 88 (DuPont) in 25g MBK. Dual addition was carried out for 
2.5 hours at reflux, and then the large fimnel rinsed into the batch with 20g MIBK. 

1 0 During the next 3 .5 hours at reflux, two small initiator post-adds of 0.25g VAZO 88 
in 5g MIBK and 0. 16g VAZO 88 m 5g MBK were made. The apparatus was 
converted from reflux to distillation, and about 136g distillate removed before heating 
was halted. At below 85% a blend of 21.9g formic acid and 610g water was added, 
and the heterogeneous mixture was heated ^ain while diluting with 40g water. 

1 5 Azeotropic distillation was carried out until very little upper layer was collecting, at 
about 99°-100°. Lower layer collected at less than 95° was returned to the reactor, 
the batch reached 100^ As the opaque, viscous batch cooled, it was diluted with 70g 
n-propanol and 7g additional formic acid. Typical recovery was 948g, pH 4.2, total 
solids 25%, Brookfield viscosity 1968 centipoise (25% 20 rpm). 
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CLAIMS 

1 . A method of controlling the resolution of an image formed on a substrate, 

comprising: 
5 (a) providing a substrate; and 

(b) applying an image to the substrate by imagewise applying a fluid 
composition comprising at least one surfactant, in which the dot size of the fluid 
composition on the substrate in the presence of the surfactant is less than the dot size 
of the fluid composition on the substrate in the absence of the surfactant. 

10 2. The method of claim 1, in which the dot size of the fluid composition on the 
substrate in the presence of the surfectant is about or less than 90% of the dot size of 
the fluid composition on the substrate in the absence of the surfactant. 

3. The method of claim 1, in which the dot size of the fluid composition on the 
substrate in the presence of the surfactant is about or less than 80% of the dot size of 

15 the fluid composition on the substrate in the absence of the surfactant 

4. The method of claim 1 , in which the dot size of the fluid composition on the 
substrate in the presence of the surfactant is about or less than 70% of the dot size of 
the fluid composition on the substrate in the absence of the surfactant. 

5 . A method of controlling the resolution of an unage formed on a substrate, 
20 comprising: 

(a) providing a basic substrate; and 

(b) q)plying an image to the substrate by imagewise applying a fluid 
composition comprising an ink-receiving layer compound and a cationic surfactant, in 
which the dot .size of the fluid composition on the substrate in the presence of the 

25 surfactant is less than the dot size of the fluid composition on the substrate in the 
absence of the surfactant. 
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6. The method of claim 5, in which the ink-receiving layer compound is selected 
from the group consisting of basic copolymers of styrene, polyamide, 
poly(vinylpyridine), basic copolymers of urethane, poly(dialkylammoalkyl 
methacrylate), poly(2-vinylpyridine), poly(4'-vmylpyridine), copolymers of 

5 2-vinylpyridine, copolymers of 4-vinylpyridine, poly(ethylimidazolidone 

methacrylate), 2-pyridylethyl trimethoxysilane, copolymers of dimethylaminoethyl 
methacrylate/methyl methacrylate, terpolymers of dimethylaminoethyl 
methacrylate/methyl methacrylate/ethylimidazolidone methacrylate, copolymers of 
4-vinylpyridine/methyl methacrylate/hydroxyethyl acrylate/ethyl acrylate, and 

1 0 mixtures thereof. 

7. The method of claim 5, in which the cationic surfactant is 
C8F„S02NHC3H6N*(CH3)3r. 

8. A method of controlling the resolution of an image formed on a substrate, 
15 comprising: 

(a) providing a acidic substrate; and 

(b) applying an image to the substrate by imagewise applymg a fluid 
composition comprising an ink-receiving layer compound and anionic surfactant, in 
which the dot size of the fluid composition on the substrate in the presence of the 

20 surfactant is less than the dot size of the fluid composition on the substrate in the 
absence of the surfactant. 



9. The method of claim 8, in which the ink-receiving layer compound is selected 
from the group consisting of poly(acrylic acid), poly(methacrylic acid), poly(maleic 
acid), poly(maleic anhydride), poly(fumaric acid), poly(fumaric anhydride), 
25 poly(styrene-co-acrylic acid), poly(styrene-co-maleic acid), poly(styrene-co-fumaric 
acid), polymers of ethylenically unsaturated sulfonic acid, polymers of sulfonated 
styrene, and mixtures thereof 
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10. The method of claim 8, in which the anionic surfactant is selected from the 
group consisting of F(CF2CF2)i.7CH2CH2SCH2CH2C02'Li"*", 
(F(CF2CF2)i.7CH2CH20)uPO(0-NH4")u, CjoF2,S03-NH/> and mixtures thereof 

11. A printing plate prepared by the process comprising: 
5 (a) providing substrate; and 

(b) applying an unage to the substrate by imagewise applying a fluid 
composition comprising at least one surfactant, in which the dot size of the fluid 
composition on the substrate in the presence of the surfactant is less than the dot size 
of the fluid composition on the substrate in the absence of the surfactant. 

10 12. The printing plate of claim 1 1, in which the dot size of the fluid composition 
on tiie substrate in the presence of the surfactant is about or less than 90% of the dot 
size of the fluid composition on the substrate in the absence of the surfactant. 

13. The printing plate of claun 1 1, m which the dot size of the fluid composition 
on the substrate in the presence of the surfactant is about or less than 80% of the dot 

1 5 size of the fluid composition on the substrate in the absence of the surfactant. 

14. The printing plate of claun 1 1 , in which tiie dot size of tiie fluid composition 
on tiie substrate in tiie presence of tiie surfactant is about or less tiian 70% of the dot 
size of the fluid composition on tiie substrate m the absence of the surfactant. 



15. A printing plate prepared by the process comprising: 

20 (a) providing a basic substrate; and 

(b) applying an image to tiie substrate by imagewise applying a fluid 
composition comprismg an ink-receiving layer compound and a cationic surfactant, 
which tiie dot size of tiie fluid composition on tiie substrate in tiie presence of the 
surfactant is less than the dot size of the fluid composition on the substrate in the 

25 absence of the surfactant. 
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16. The printing plate of claim 15, in which the ink-receiving layer compound is 
selected from the group consisting of base copolymers of styrene, polyamide. 
poly(vinylpyridine), basic copolymers of urethane, poly(dialkylaminoalkyl 
methacrylate), poly(2-vinylpyridine), poly(4-vinylpyridine), copolymers of 

5 2-vinylpyridine, copolymers of 4-vinylpyridine, poly(ethylimidazolidone 

methacrylate), 2-pyridylethyl trimethoxysilane, copolymers of dimethylaminoethyl 
methaorylate/methyl methacrylate, terpolymers of dimethylaminoethyl 
methacrylate/methyl methacrylate/ethyUmidazolidone methacrylate, copolymers of 
4-vinylpyridine/methyl methacrylate/hydroxyethyl acrylate/ethyl acrylate, and 

10 mixtures tiiereof 

17. The printii^plate of claim 15, wherein the cationic surfectant is 
CgF,7S02NHC3H6N*(CH3)3r. 

18. A printing plate prepared by the process comprising: 
(a) providing a acidic substrate; and 

15 (b) applying an image to the substrate by imagewise applymg a fluid 

composition comprising an ink-receiving layer compound and anionic surfactant, in 
which the dot size of the fluid composition on the substrate in the presence of the 
surfectant is less than the dot size of the fluid composition on the substtate in the 
absence of the surfactant. 

20 19. The printmg plate of claun 18, in which the ink-receiving layer compound is 
selected from the group consistmg of poly(acrylic acid), poly(methacrylic acid), 
poly(maleio acid), poly(maleic anhydride), poly(ftimaric acid), poly(fumaric 
anhydride), poly(styrene-co-acryUc acid), poly(styrene-co-maleic acid), poly(styrene- 
co-fomaric acid), polymers of ethylenicaUy unsaturated sulfonic acid, polymers of 

25 sulfonated styrene, and mixtures thereof 
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20. The printing plate of claim 1 8, in which the anionic surfactant is selected from 
the group consisting of F(CF2CF2)i.7CH2CH2SCH2CH2C02-Li*, 
(F(CF2CF2)i.7CH2CH20)i^PO(0-NH4')u, C,oF2iS03 NH4\ and mixtures thereof. 



21. A method of preparing a printing plate, the method comprising: 
5 (a) providing a substrate; and 

(b) applying an image to the substrate by imagewise applying a fluid 
composition comprising at least one surfactant, in which the dot size of the fluid 
composition on the substrate in the presence of the surfactant is less than the dot size 
of the fluid composition on the substrate in the absence of the surfactant. 

10 22. The method of claim 21, m which the dot size of the fluid composition on the 
substrate in the presence of the surfactant is about or less than 90% of the dot size of 
the fluid composition on the substrate in the absence of the surfactant. 

23. The method of claim 21, in which the dot size of the fluid composition on the 
substrate in the presence of the surfactant is about or less than 80% of the dot size of 

15 the fluid composition on the substrate in the absence of the surfactant. 

24. The method of claim 21, in which the dot size of the fluid composition on the 
substrate in the presence of the surfactant is about or less than 70% of the dot size of 
the fluid composition on the substrate in the absence of the surfactant 



25. A method of preparing a printing plate, the method comprising: 

20 (a) providing a basic substrate; and 

(b) applying an image to the substrate by imagewise applying a fluid 
composition comprising an ink-receiving layer compound and a cationic surfactant, in 
which the dot size of the fluid composition on the substrate in the presence of the 
surfactant is less than the dot size of the fluid composition on the substrate in the 

25 absence of the surfactant. 
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26. The method of claim 25, in which the ink-receiving layer compound is 
selected from the group consisting of basic copolymers of styrene, polyamide, 
poly(vinyIpyridine), basic copolymers of urethane, poly(dialkylaminoa]kyl 
methacrylate), poly(2-vinylpyridine), poly(4-vinylpyridine), copolymers of 

5 2-vinylpyridine, copolymers of 4-vinylpyTidine, poly(ethy limidazolidone 

methacrylate), 2-pyridylethyl trimethoxysilane, copolymers of dimethylaminoethyl 
methaCTylate/methyl methacrylate, terpolymers of dimethylaminoethyl 
methacrylate/methyl methacrylate/ethylimidazolidone methacrylate, copolymers of 
4-vinylpyridine/methyl methacrylate/hydroxyethyl aciylate/ethyl acrylate, and 

10 mixtures thereof. 

27. The method of claim 25, in which the cationic surfactant is 
CFnSO^NHCjH^N^CCHjF. 

28. A method of preparing a printing plate, the method comprising; 
15 (a) providing a acidic substrate; and 

(b) applying an image to the substrate by imagewise applying a fluid 
composition comprising an ink-receiving layer compound and anionic surfactant, in 
which the dot size of the fluid composition on the substrate in the presence of the 
surfactant is less than the dot size of the fluid composition on the substrate in the 
20 absence of flie surfactant. 



29. The method of claim 28, in which the ink-receiving layer compound is 
selected from the grov?) consisting of poly(acrylic acid), poiy(methacryUc acid), 
poly(maleic acid), poly(maleic anhydride), poly(fiimaric acid), poly(fumaric 
anhydride), poly(styrene-co-acrylic acid), poly(styrene-co-maleic acid), poly(styrene- 
25 co-fumaric acid), polymers of ethylenically unsaturated sulfonic acid, polymers of 
sulfonated styrene, and mixtures thereof 
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30. The method of claim 28, wherein the anionic surfectant is selected from the 
group consisting of F(CF2CF2)i.7CH2CH2SCH2CH2C02 Li\ 
(F(CF2CF2)i.7CH2CH20)i^PO(0-NH/)i^, CioF2iS03-NH4*, and mixtures thereof 

31. A method of controlling the spreading of a fluid composition on a substrate, 
5 the method comprising: 

(a) providing a substrate; and 

(b) applying an image to the substrate by imagewise applying a fluid 
composition comprising at least one surfactant, in which the dot size of the fluid 
composition on the substrate in the presence of the surfactant is less than the dot size 

10 of the fluid composition on the substrate in the absence of the surfactant. 

32. The method of claim 31, in which the dot size of the fluid composition on the 
substrate in the presence of the surfactant is about or less than 90% of the dot size of 
the fluid composition on the substrate in the absence of the surfactant 

33. The method of claim 3 1, in which the dot size of the fluid composition on the 
15 substrate in the presence of the surfactant is about or less than 80% of the dot size of 

the fluid composition on the substrate in the absence of the surfactant, 

34. The method of claim 3 1 , in which the dot size of the fluid composition on the 
substrate in the presence of the surfactant is about or less than 70% of the dot size of 
the fluid composition on the substrate in the absence of the surfactant. 



20 35. A method of controlling ttie spreading of a fluid composition on a substrate, 
the method comprising: 

(a) providmg a basic substrate; and 

(b) applying an image to the substrate by im£^ewise applying a fluid 
composition comprising an ink-receiving layer compound and a cationic surfactant, in 

25 which the dot size of the fluid composition on the substrate in the presence of the 



wo 01/54915 PCT/US01/0n3i 

25 

surfactant is less than the dot size of the fluid composition on the substrate in the 
absence of the surfactant 

36. The method of claim 35, in which the ink-receiving layer compound is 
selected from the group consisting of basic copolymers of styrene, polyamide, 

5 poly(vinylpyridine), basic copolymers of urethane, poly (dialky laminoalkyl 
methacrylate), poly(2-vinylpyridine), poly(4-vinylpyridine), copolymers of 
2-vinylpyridine, copolymers of 4-vinylpyridine, poly(ethylimidazolidone 
methacrylate), 2-pyridylethyi trimethoxysilane, copolymers of dimethylaminoethyl 
methacrylate/methyl methacrylate, terpolymers of dimethylaminoethyl 

1 0 methacrylate/methyl methacrylate/ethylimidazolidone methacrylate, copolymers of 
4-vinylpyridine/methyl methacrylate/hydroxyethyl acrylate/ethyl acrylate, and 
mixtures thereof 

37. The method of claim 35, in which the cationic surfactant is 

C8Fi7S02NHC3H6N^(CH3)3r. 

15 38. A method of controlling the spreading of a fluid composition on a substrate, 
the method comprising: 

(a) providing a acidic substrate; and 

(b) applying an image to the substrate by imagewise applying a fluid 
composition comprising an ink-receiving layer compound and anionic surfactant, in 

20 which the dot size of the fluid composition on the substrate in the presence of the 
surfactant is less than the dot size of the fluid composition on the substrate in the 
absence of the surfactant. 

39. The method of claim 38, in which the ink-receivmg layer compound is 
selected from the group consisting of poly(acrylic acid), poly(methacrylic acid), 
25 poly(maleic acid), poly(maleic anhydride), poly(fumaric acid), poly(fiimaric 

anhydride), poly(styrene-co-acrylic acid), poly(styrene-co-maleic acid), poly(styrene- 
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co-fiimaric acid), polymers of ethylenically unsaturated sulfonic acid, polymers of 
sulfonated styiene, and mixtures thereof. 

40. The method of claim 38, wherelli flie anionic surfactant is selected from the 
group consisting of F(CF2CF2)i.7CH2CH2SCH2CH2C02"Li"^, 

5 (F(CF2CF2),.7CH2CH20),^PO(0 ■NH4')i.2, CjoF2,S03-NH4'. and mixtures thereof. 

41 . A method of forming an image on a substrate, the method comprising: 

(a) providing a substrate; and 

(b) applying an image to the substrate by imagewise applying a fluid 
composition comprising at least one surfactant, in which the dot size of the fluid 

10 composition on the substmte in the presence of the surfactant is less than the dot size 
of the fluid composition on the substrate in the absence of the surfactant. 

42. An imaged substrate comprising: 

(a) a substrate; and 

(b) a fluid composition applied imagewise to the substrate comprising 
15 at least one surfactant, in which the dot size of the fluid composition on the substrate 

in the presence of the surfactant is less than the dot size of the fluid composition on 
the substrate in the absence of the surfactant. 

43 . The im^ed substrate of claim 42, in which the fluid composition is applied to 
the substrate by ink jeting. 

20 44. The method of claim 41, in which the dot size of the fluid composition on the 
substrate in the presence of the surfactant is about or less than 90% of the dot size of 
the fluid composition on the substmte m the absence of the surfactant. 



25 



45. The method of claim 41, in which the dot size of the fluid composition on the 
substrate in the presence of the surfactant is about or less than 80% of the dot size of 
the fluid composition on the substrate in the absence of the sxirfactant. 
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46. The method of claim 41, in which the dot size of tiie fluid composition on the 
substrate in the presence of the surfactant is about or less than 70% of the dot size of 
the fluid composition on the substrate in the absence of the surfactant. 

47. A method of copying an image onto a medium, the method comprising: 
5 (a) providing a substrate; 

(b) applying an image to the substrate by imagewise applying a fluid 
composition comprising at least one surfectant, in which the dot size of the fluid 
composition on the substrate in the presence of the surfactant is less than the dot size 
of the fluid composition on the substrate in the absence of the surfactant; 
10 (c) drying the fluid composition on the substrate; 

(d) contacting the dried formed image with an ink, thereby coating the 
formed image with the ink; and 

(e) contacting the formed image coated with the ink with a medium 
capable of receiving the ink in the form of an image. 
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